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R. A. Dias*, and S. M. Gennari*, Núcleo Avançado de Pesquisas, Departamento de Parasitologia, Instituto de Ciências Biomédicas V,
Universidade de São Paulo, Rua Francisco Prestes 1234, Monte Negro–Rondônia, CEP 78965-000, Brazil; *Departamento de Medicina
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ABSTRACT: Antibodies to Toxoplasma gondii were assayed in sera of
266 humans from 71 farms located at Rondônia State, Western Amazon,
Brazil, by the modified agglutination test (MAT) and the indirect im-
munofluorescent antibody test (IFAT). Antibodies were found in 195
humans (73.3%), with MAT titers of 1:25 in 11, 1:50 in 11, 1:100 in
16, 1:200 in 27, 1:400 in 38, 1:800 in 37, 1:1,600 in 22, and 1:3,200
or higher in 33. From the 71 farms visited, 69 had seropositive humans.
Prevalence of anti-T. gondii antibodies increased with age of the people
(P , 0.05), and no difference was observed in the occurrence by gender
(P . 0.05). A sanitary questionnaire was applied in each farm, and
statistical association between the serologic status and several variables
were analyzed. Home-grown vegetable consumption and origin of
drinking water (well or river) were the independent variables that dis-
played significant association (P 5 0.002 and 0.02, respectively). High-
er values of occurrence were found in people with consumption of
home-grown vegetables (76.1%) and people that drink well water
(75.4%) compared with people that did not consume this type of food
(61.9%) and drink river water (55.2%). By IFAT ($1:16), 194 of 266
(73%) humans were seropositive and there was a good correlation be-
tween MAT and IFAT.

Toxoplasma gondii infection is widely prevalent in human beings and
other animals worldwide (Dubey and Beattie, 1988; Tenter et al., 2000;
Remington et al., 2001). Humans become infected postnatally by in-
gesting tissue cysts from undercooked meat, consuming food or drink
contaminated with oocysts, or by accidentally ingesting oocysts from
the environment. However, only a small percentage of exposed adult
humans develop clinical signs. It is unknown whether the severity of
toxoplasmosis in immunocompetent persons is because of the parasite
strain, host variability, or other factors. However, in Erechim, southern
Brazil, 17.7% of 1,042 adults were found to have retinal scars, presum-
ably caused by T. gondii (Glasner et al., 1992). Serologic surveys in-
dicate that T. gondii infection is endemic in Brazil (Sobral et al., 2005,
and references therein). Recent studies indicate that the strains of T.

gondii prevalent in chickens and cats from Brazil are biologically and
genetically different from the samples from North America (Dubey et
al., 2002, 2003, 2006; Pena et al., 2006).

In the present study, we have surveyed 266 humans from Amazon,
Brazil, for T. gondii antibodies. This location is geographically, socially,
and ecologically different from other parts of the world.

Humans surveyed were from Monte Negro County, Rondônia State,
western Amazon, Brazil (108159350S, 638189060W). It has a population
of approximately 13,000, most of them living in the rural area on small,
family-employed farms with very close contact among humans and an-
imals. The region has a hot and humid climate, with high levels of
precipitation that average 2,000 mm annually, with a moderate drought
period from April to October. Temperature ranges from 25 to 29 C with
a relative humidity of 70–80% throughout the year (Camargo et al.,
2002).

From 722 farms registered in the area surveyed, 86 were randomly
selected (confidence level 5 95%, precision 5 10%), and the people
living in those farms were invited to collaborate in this study (Thrus-
field, 1995). A signed consent form was obtained from all adults as well
from the parents or legal guardians of minors who participated in this
survey. From the 86 randomly selected farms, on 71 properties, per-
mission was obtained for blood sample collection.

Serum samples were collected from 266, 8-mo to 76-yr-old humans
from May to October 2002 and stored at220 C until serologic analysis.
During the visit to each farm, a questionnaire was applied on the farm
owner or supervisor, always by the same person for standardization.
The independent variables studied were presence of cat, meat con-
sumption, hunting meat consumption, home-grown vegetables, drinking
water origin, water storage, presence of filtered water, and water treat-
ment.

Serum samples were initially screened for T. gondii antibodies by
using a 1:16 dilution of serum in an indirect immunofluorescence an-
tibody test (IFAT; Camargo, 1974) and then tested further by 2-fold
dilutions (1:25–1: 3,200) by the modified agglutination test (MAT; Dub-
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TABLE I. Antibody titers to Toxoplasma gondii in sera of 266 humans from Monte Negro County, Rondônia State, Brazilian Western Amazon,
by the modified agglutination test (MAT).

Age
(yr) No. tested

No. positive
(%)

MAT titer

25 50 100 200 400 800 1,600 $3,200

0–6
7–12

13–19
20–40
.40

19
29
49
74
95

7 (3.6)
18 (9.2)
30 (15.4)
64 (32.8)
76 (39.0)

0
0
0
5
6

0
1
1
2
7

0
0
1
6
9

0
1
2

13
11

1
4
4

13
16

1
1
6

17
12

1
5
4
4
8

4
6

12
4
7

Total 266 195 11 11 16 27 38 37 22 33

TABLE II. Statistical analyses of association between studied variables and presence of antibody anti-Toxoplasma gondii in humans from rural
population from Western Amazon, Brazil.

Analyses*

Variable

No. of humans

Examined Positive %

Univariate

x2 P

Multivariate

OR P 95% CI

Presence of cat

No
Yes

122
144

89
106

72.9
73.6 0.015 0.9

Meat consumption

No
Yes

12
247

7
181

58.3
73.3 1.28 0.26

Hunting

No
Yes

100
159

79
109

79.0
68.5 3.37 0.07

Home-grown vegetables

No
Yes

92
172

57
136

61.9
76.1 8.93 0.003 2.48 0.002 (1.39, 4.42)

Drinking water

Well
River

228
29

172
16

75.4
55.2 5.38 0.02 0.38 0.02 (0.17, 0.85)

Water filter

No
Yes

28
229

23
165

82.1
72.0 1.29 0.25

Water storage

Rainfall
Buckets

124
133

89
99

71.8
74.4 0.23 0.63

Water treatment

No
Yes

124
133

89
99

71.8
74.4 0.23 0.63

* CI, confidence interval; OR, odd ratio.

ey and Desmonts, 1987). Sera with discrepant findings by MAT and
IFAT were tested by the dye test (DT) as described by Desmonts and
Remington (1980). Epidiomologic evaluation was based on the MAT.

The independent variables were subjected to univariate analysis by
chi-square test (x2) or Fisher exact test (Hosmer and Lemeshow, 1989).
It was not possible to run a multiple analysis because 69 of 71 farms
had cases of toxoplasmosis. Thus, the univariate analysis was performed
with the results from each sampled person. A Kappa test was used to
compare the IFAT and MAT assays. Analyses were performed using
SPSS for Windows. For evaluation of the differences between age
groups, occurrence values of the x2 for trend was used with EpiInfo
version 6.0 for Windows.

Toxoplasma gondii antibodies were found in 195 (73.3%) of 266 sera,

with sera with MAT titers of 1:25 in 11, 1:50 in 11, 1:100 in 16, 1:200
in 27, 1:400 in 38, 1:800 in 37, 1:1,600 in 22, and 1:3,200 or higher
in 33 sera (Table I). IFAT antibodies were found 195 of 266 (73.3%)
sera. There was 100% agreement between the MAT and DT and IFAT
in general; 2 sera negative by IFAT were positive by DT and MAT, and
1 serum positive by IFAT was negative by DT and MAT. From the 71
farms where blood samples were collected, 68 (95.8%) of the farms
had at least 1 person with positive result by MAT. The samples were
stratified by gender and age to evaluate the occurrence of T. gondii
seroantibodies. In MAT, the occurrence in males and females was 68.8%
(97/141) and 78.4% (98/125), respectively. No statistical differences
were observed between genders (P . 0.05); however, the number of
infected people increased with age (x2 511.8; P , 0.0; r2 5 0.047).
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The results of univariate analyses are given in Table II. Hunting,
home-grown vegetables, and source of drinking water were the inde-
pendent variables that displayed significant association (P , 0.2) by the
univariate analysis. However, using the multivariate analyses, only
home-grown vegetables and drinking water origin presented association
with the presence of T. gondii antibodies (P , 0.05).

Seroprevalences of T. gondii are very high in many regions of Brazil,
including areas where Indian tribes live in relative isolation from civi-
lization. Lovelace et al. (1978) conducted a survey of the Ticuna and
Codaja Amazon Indian tribes, and prevalences of 77 and 39% were
obtained, respectively. Ferraroni et al. (1982) studied 5 populations in
the Brazilian Amazon and obtained prevalences that ranged from 56 to
74%. Three of these populations were also from rural area (56, 66, and
70%). In a recent study of Indians tribes from Pará and Amapá states,
also in the Amazon region, the seroprevalences were 55.6% and 59.6%,
respectively. Our data from the immigrant population in Amazon re-
vealed a similar prevalence.

The increasing seroprevalence of T. gondii with age of the examined
persons (P , 0.05), indicates a postnatal acquisition of infection and
supports the findings of Kobayashi et al. (2002) in Pernambuco, and by
Garcia et al. (1999) in Paraná, respectively, in the northeastern and
southern regions of Brazil. No difference was observed between the
occurrence values by sex or in populations from rural areas by Kobay-
ashi et al. (2002) and Garcia et al. (1999).

Eating home-grown vegetables and drinking well water were the var-
iables that presented association with T. gondii infection. In this survey,
T. gondii prevalence data had no association with the presence of cats;
however, the presence of wild felids is common on farms of the region,
and they could represent a source of oocyst contamination. Silva et al.
(2002) described the presence of antibody anti-T. gondii in a variety of
Neotropical felid species from Brazil.

In a high endemic area, and especially with a poor hygienic environ-
ment, it is difficult to accurately access the risk factors. Nevertheless,
the consumption of home-grown vegetables and drinking well water
had a significant association with prevalence of T. gondii antibodies.
The isolation of viable T. gondii from 24 of 50 free-range chickens
from the same area as surveyed in the present study (Dubey et al., 2006)
indicates a heavy contamination of the environment with oocysts. These
observations, associated with the presence of antibodies anti-T. gondii
in humans from Indian tribes that do not eat red meat (Sobral et al.,
2005), support the observation of Bahia-Oliveira et al. (2003) and de
Moura et al. (2006) that ingestion of T. gondii oocysts is the main mode
of transmission of T. gondii in Brazil.
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